Staphylococcus aureus 196E was treated with 0.05% hydrogen peroxide in milk under varying conditions to determine the effects of treatment conditions and characteristics of the culture on bactericidal effectiveness of hydrogen peroxide. Time intervals required for 90 to 99.99% destruction of S. aureus decreased significantly as treatment temperatures increased from 37.8 to 57.2 C. Plots of survivor curves showed extended lags in destruction at 37.8 C, slight lags followed by logarithmic rates of destruction at 48.9 C, and logarithmic rates at 54.4 and 57.2 C except for trials in which there was very rapid initial destruction followed by logarithmic rates. S. aureus 196E was significantly more resistant to heat treatments at 54.4 C without added hydrogen peroxide than to treatment with 0.05 % hydrogen peroxide at this temperature. Cultures grown at 37 C for 16 hr in milk were more resistant to hydrogen peroxide than were cultures grown at 35 C. Storage of cultures for 96 hr in milk at 4 C caused a decrease in the resistance of the culture. Numbers of staphylococci being treated had little effect on rates of destruction.
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The first experimental use of hydrogen peroxide as a preservative in milk was reported in 1883 (11) . Recently, hydrogen peroxide has been approved for treatment of milk for making Swiss and American types of cheese (Federal Register, Washington, D.C., 1962). In the latter use, hydrogen peroxide is added to milk at 37 to 54 C, allowed to act for 15 sec to 10 min, and then destroyed with catalase preparations before cheese making.
The bactericidal effectiveness of hydrogen peroxide varies with the concentration used, the temperature and duration of treatment, and the types and numbers of microorganisms (1, 5-7, 10, 14) . The resistance of Staphylococcus aureus to hydrogen peroxide has been reported to be less than that of aerobic sporeformers and greater than that of gram-negative bacteria (6, 7, 14) .
References in the literature on the factors affecting the destruction of S. aureus by hydrogen peroxide are limited. Olson Hydrogen peroxide treatment. A 98-ml amount of the treatment medium was brought to the desired treatment temperature before 1.0 ml of the diluted culture was added. After 1 min, 1.0 ml of a 5.0% solution of hydrogen peroxide in redistilled water was added to adjust the hydrogen peroxide content to 0.05% in the treatment medium. The level of H20 in the stock solution was assayed by the cerate oxidimetric titration method.
At specified time intervals after the hydrogen peroxide was added, 4.5-ml portions of the peroxide-culture mixture were removed and added to 0. (14) .
The time intervals required for destruction of S. aureus with hydrogen peroxide are shown in Table 2 . Extremely long treatment intervals were required at 37.8 C to attain even minimal 90% destruction, which would seem to eliminate this treatment temperature for commercial use. Increasing the treatment temperature between 37.8 and 54.4 C decreased the time for destruction, with the greatest effect occurring between 37.8 and 48.9 C. Only minor effects on rates of destruction occurred when treatment temperatures were increased from 54.4 to 57.2 C.
Duncan's New Multiple Range Test (12) showed that destruction times at 37.8 C differed significantly from destruction times at the other treatment temperatures (Table 3) . Differences between destruction times at 48.9, 54.4, and 57.2 C were not statistically significant, even though the time for 99.9% destruction at 54.4 C was less than half the time required at 48.9 C. The failure of Duncan's test to detect this difference was caused by heterogeneity of error resulting from greater variability, numerically, of destruction The variations in rates of destruction may have been caused by the combined effects of heat and hydrogen peroxide. At 37.8 C, the effects of both agents would be minimal, causing a lag in destruction. As the temperature increased, the bactericidal effectiveness of both heat and hydrogen peroxide would increase, giving logarithmic or more rapid destruction rates. Hansen and Rieman (2) reported lags in destruction of bacteria during exposure to weak concentrations of disinfectants. They attributed the lag to the time required for diffusion of the disinfectant to the lethal site of the cell. Pulay and Toth (9) observed nonlogarithmic death rates of Escherichia coli at 37 C or lower in the presence of hydrogen peroxide (0.42 g per liter) in phosphate buffer (pH 6.7). At 47 and 57 C the death rates appeared to be logarithmic without the significant lag in destruction observed at 37 C.
The data in Tables 1 and 2 indicate that S.
aureus 196E was more resistant to heat treatments a Any two means not underscored by the same line are statistically different (P < 0.01).
at 54.4 and 60 C than to hydrogen peroxide treatments at 54.4 C. The added destructive effects of hydrogen peroxide at these higher temperatures were not observed by Walker and Harmon using S. aureus S1 (13) . It is possible that other strains of S. aureus would also show this variability in resistance to heat and heat plus hydrogen peroxide.
Storage effects. Cultures of S. aureus 196E were grown at 37 C for 16 hr in sterile NDM and subdivided. One portion was treated with 0.05 % hydrogen peroxide at 37.8, 48.9, and 54.4 C. The second portion of the culture was stored at 4 C for 96 hr and then treated in the same way as the original culture.
Storage of cultures reduced their resistance to hydrogen peroxide (Table 5 ). This reduction was most apparent when cultures were treated at 37.8 C. The lower resistance after storage was evident also with treatments at 48.9 C, but not at 54.4 C. The effects of treatment temperature and storage were found to be statistically significant.
Interaction between temperature and storage was also significant, indicating that effects of storage on resistance of cultures varied with the treatment temperature used. Dunnett's statistical procedures (12) indicated that resistance of cultures was significantly lower after storage when cultures were treated at 37.8 C. Effects of storage on the resistance of cultures to treatment with hydrogen peroxide at 48.9 and 54.4 C were not statistically significant, even though time intervals for destruction at 48.9 C were reduced by 35 to 50% after storage. The lack of sensitivity of the statistical analyses for treatments at 48.9 C may have been caused again by the large differences in destruction times at 37.8 C before and after storage.
Growth temperature. Cultures of S. aureus 196E were grown at 35 and 37 C for 16 hr with constant stirring, and then were treated with 0.05% hydrogen peroxide at 48.9 and 54.4 C. Cultures grown at 35 C were less resistant than cultures grown at 37 C ( Table 6 ). The data in this study illustrate the importance of some of the treatment conditions and characteristics of S. aureus which should be considered in developing methods of treating milk with hydrogen peroxide. Possible guidelines for treatment of milk are suggested by the data. However, the possible differences in resistance between strains of S. aureus must be taken into account before the results from this study can 
